Germ Plasm: Protein Degradation in the Soma  by Spike, Caroline A. & Strome, Susan
Germ Plasm: Protein Degradation in
the Soma
Caroline A. Spike and Susan Strome
Germ plasm is a specialized cytoplasm that is
physically segregated to the germline cells during
early embryogenesis. Recent results suggest that, in
Caenorhabditis elegans, germ plasm is also prev-
ented from accumulating in somatic lineages by a
ubiquitin ligase that targets germ plasm proteins for
degradation.
The embryonic cells with the potential to produce germ
cells, known as germline blastomeres, are formed very
early in the embryonic development of many organ-
isms. These cells inherit a special cytoplasm termed
‘germ plasm’, which often contains unique cytoplasmic
structures rich in RNA and protein, generally referred
to as ‘germ granules’. It is widely accepted that germ
plasm determines germ cell fate [1]. Caenorhabditis
elegans provides a graphic example of germ plasm
and germ granule segregation. In this nematode worm,
the fertilized one-cell embryo undergoes a series of
asymmetric divisions, each of which generates a large
somatic blastomere — AB, EMS, C and D — and a
smaller germline blastomere — P1, P2, P3 and P4. Each
germline blastomere specifically inherits germ gran-
ules, which are known as P granules in C. elegans, as
well as other factors that are more diffusely located in
the germ plasm (Figure 1). 
We shall focus here on the mechanisms of germ
plasm segregation in the early C. elegans embryo,
with an emphasis on the role of protein degradation in
somatic cells. The lesson that has emerged from
recent studies is that there are mechanisms that
specifically destabilize germ plasm components in
somatic lineages [2,3], which complement the mecha-
nisms that physically partition those components into
the germline blastomeres [3,4].
Two approaches have been used to understand how
germ plasm and P granules are targeted specifically to
germline blastomeres during the early C. elegans divi-
sions. Cell biological approaches have been used 
to image fluorescently tagged P granules in living
embryos [4]. In the P0 cell, a central cytoplasmic flow [5]
carries P granules to the posterior end, where they
associate with the cortex. This results in partitioning of
most P granules to the posterior daughter cell, P1. The
pattern of P granule segregation in P0 and P1 requires
the actin cytoskeleton [6,7]. In the germline blastomeres
P2 and P3, P granules begin to associate with the
nucleus, which transports them to the region destined
for the next germline blastomere. P granule segregation
in P2 and P3 cells requires both the actin and micro-
tubule cytoskeletons [4]. In addition to directed move-
ment into the germline cytoplasm, P granules are
unstable in the cytoplasm destined for the somatic
blastomeres [4]. For example, P granules trapped near
the anterior cortex of a P0 cell appear to be disassem-
bled or degraded prior to cell division, and the few P
granules mistakenly segregated to a C or D blastomere
disappear rapidly.
Genetic screens have identified numerous mutations
that disrupt P granule segregation to germline blas-
tomeres. The par (partitioning defective) genes act soon
after fertilization to establish the anterior–posterior axis
and initiate early patterning of the embryo, including P
granule segregation [8]. The PAR proteins are cortically
localized and show dramatically asymmetric distribu-
tions [9]. PAR-1 is posteriorly localized and segregated
to the germline blastomeres. One of its roles is to
restrict the CCCH zinc finger proteins MEX-5 and MEX-
6 to the anterior somatic blastomeres [10,11]. MEX-5
and MEX-6, in turn, help to restrict three more CCCH
zinc finger proteins, PIE-1, MEX-1 and POS-1, to the
posterior germline blastomeres, where they are associ-
ated with P granules and dispersed in the cytoplasm
[12–14]. MEX-5, MEX-6, PIE-1, MEX-1 and POS-1 are all
involved in later stages of P granule segregation and in
germ cell specification [11,14,15].
Studies of the PIE-1 protein [3] have united these
approaches and revealed that two independent
mechanisms are required to target PIE-1 specifically
to germline blastomeres. GFP-tagged PIE-1 is asym-
metrically partitioned to germline-destined cytoplasm
prior to cell division, and also removed from somatic
daughter cells after cell division (Figure 1). A large
region of PIE-1, including its second zinc finger (ZF2),
localizes PIE-1 to P granules and partitions it asym-
metrically into germline-destined cytoplasm. A GFP–
ZF2 fusion protein was seen to localize to P granules,
but it did not become asymmetrically enriched in the
germline cytoplasm prior to cleavage, revealing that
the asymmetric partitioning of PIE-1 to the germline
cytoplasm is not due to its association with P gran-
ules. By contrast, the first zinc finger (ZF1) of PIE-1 is
necessary and sufficient for the other mechanism that
restricts PIE-1 to germline blastomeres, namely PIE-1
degradation in somatic cells.
Specific zinc fingers in MEX-1, POS-1 and MEX-5
are also sufficient to mediate the degradation of these
factors in somatic lineages [2,3], suggesting that a
common mechanism may be involved in degrading all
four proteins. A recent yeast two-hybrid screen [2]
using the PIE-1 zinc fingers as bait identified ZIF-1, a
protein which specifically interacts with each of the
zinc fingers known to mediate protein degradation in
somatic cells and with MEX-6. Loss of ZIF-1 was
found to block degradation of PIE-1, POS-1, MEX-1,
MEX-5 and MEX-6 in somatic lineages, but it did not
appear to disrupt the asymmetric partitioning of these
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proteins to germline-destined cytoplasm (PIE-1, MEX-
1, POS-1) or somatic-cell-destined cytoplasm (MEX-5)
prior to cell division.
DeRenzo, Reese and Seydoux [2] went on to show
that ZIF-1 interacts, via a possible SOCS box motif, with
the C. elegans homolog of vertebrate Elongin C, a com-
ponent of ECS-type E3 ubiquitin ligases. E3 ubiquitin
ligases catalyze the transfer of polyubiquitin chains to
proteins, targeting them for degradation by the 26S pro-
teasome. Protein ubiquitination also requires the E1
ubiquitin-activating enzyme and the E2 ubiquitin-conju-
gating enzyme (Figure 2). ECS-type ligases contain
Elongins B and C, a Cullin, a SOCS box protein and the
Ring finger protein Roc1/Rbx1 [16]. DeRenzo et al. [2]
propose that an ECS ubiquitin ligase containing ZIF-1
interacts with specific zinc fingers in PIE-1, MEX-1,
POS-1, MEX-5 and MEX-6 to target these proteins for
ubiquitination and proteolysis (Figure 2). Consistent with
this model, they found that zinc finger-mediated degra-
dation of PIE-1 is blocked in C. elegans embryos with
reduced levels of ZIF-1, Elongin C, Cullin 2 or the E2
ubiquitin-conjugating enzyme UBC-5 [2]. 
How is protein degradation activated specifically in
somatic lineages? MEX-5 and MEX-6 are segregated
preferentially to somatic daughter cells (Figure 1) and
persist at high levels in those cells before being
degraded [2,10,11]. Furthermore, MEX-5 and MEX-6 are
required for the zinc finger-mediated degradation of
PIE-1 [2]. Thus, MEX-5 and MEX-6 are both activators
and targets of ZIF-1-dependent degradation in somatic
lineages. The localization of MEX-5 and MEX-6 activity
and restriction of ZIF-1-dependent degradation to
somatic cells depends on PAR-1: removing PAR-1
leads to zinc finger-mediated degradation of PIE-1 in
germline as well as somatic blastomeres, and this
ectopic degradation requires MEX-5 and MEX-6 [2,3]. 
It is becoming increasingly clear that protein
degradation plays a crucial role in controlling protein
distributions in early C. elegans embryos. A recent
study [17] found that several of the known protein
degradation events in early embryos are coordinately
regulated by the kinase MBK-2. Intriguingly, MBK-2
also regulates the posterior localization of PIE-1,
POS-1 and P granules prior to division of the one-cell
embryo. This observation raises an interesting ques-
tion: does localized or tethered protein degradation
within a single cell contribute to the protein asym-
metries that arise prior to division? The P granule
studies [4] suggest that localized regions of instabil-
ity exist within germline blastomeres. A gradient of
protein degradation also may contribute to  the
asymmetric distributions of cytoplasmic proteins
such as PIE-1.
An attractive scenario is that the PAR-1 cortical
domain in each germline blastomere serves as a ‘safe
haven’ in which the degradation of germline-destined
proteins is repressed. Drosophila PAR-1 phosphory-
lates and stabilizes Oskar, an intrinsically unstable
protein essential for germ plasm assembly [18].
Similarly, in C. elegans PAR-1 is required to stabilize
GFP-tagged P granules (R. Cheeks and B. Goldstein,
personal communication). The powerful approach of
tracking fluorescent green proteins in mutant embryos
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Figure 1. Early stages of C. elegans
embryogenesis. 
(A) Cell lineage diagram (adapted from [2]).
MEX-5 (blue), PIE-1 (orange) and P-granule
(green) abundance within a particular
lineage is represented by line width. Above
the lineage is a one-cell embryo stained
with a P granule-specific antibody. P gran-
ules are localizing to the future site of the
P1 daughter cell. (B) Schematic diagram of
the distribution of cytoplasmic PIE-1 in
wild-type embryos. PIE-1 is distributed uni-
formly but then becomes more concen-
trated in the posterior [3]. After the first cell
division, PIE-1 is present at low levels in
the anterior cell and is degraded after the
anterior cell divides. This process is
repeated during all of the asymmetric divi-
sions of the germline lineage.
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Figure 2. The hypothetical E3 ligase that targets specific zinc
finger proteins for degradation in somatic cells. 
Core components of the E3 ligase (blue) are shown along with
E1 and E2 (gray), additional factors required for the ubiquitina-
tion reaction. The substrate recruitment factor ZIF-1 (purple)
interacts with Elongin C (C) via the ZIF-1 SOCS box domain (S)
and recruits the zinc finger (ZF) protein PIE-1 (red) for ubiquiti-
nation. Arrows represent the movement of ubiquitin (Ub, gold)
from one protein to another.
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will continue to shed light on how embryos achieve
asymmetric protein distributions.
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